Serum chloramphenicol and chloramphenicol succinate concentrations in patients given equivalent doses of chloramphenicol base either intravenously or orally for typhoid fever were measured by high-performance liquid chromatography. The mean serum chloramphenicol concentrations were significantly lower in the 11 patients treated with intravenous chloramphenicol succinate than in the 15 patients treated with oral chloramphenicol capsules.
Serum chloramphenicol and chloramphenicol succinate concentrations in patients given equivalent doses of chloramphenicol base either intravenously or orally for typhoid fever were measured by high-performance liquid chromatography. The mean serum chloramphenicol concentrations were significantly lower in the 11 patients treated with intravenous chloramphenicol succinate than in the 15 patients treated with oral chloramphenicol capsules.
Chloramphenicol is an effective drug in the treatment of typhoid fever caused by susceptible strains of Salmonella typhi. The recommended route of administration of chloramphenicol is usually oral for the treatment of typhoid fever (2, 4, 5, 7) . The intravenous route is used with severely ill patients, in whom absorption may be poor. In adults, chloramphenicol can be given as the base orally, and absorption is rapid and complete. The intravenous preparation is chloramphenicol succinate, an inactive precursor, which is hydrolyzed to chloramphenicol in the body. Although the drug has been used to treat typhoid fever for the past four decades, there are scanty data on serum drug concentrations in patients with typhoid fever treated via the oral or intravenous route of administration. The same dose of chloramphenicol, 50 mg/kg of body weight per day, is recommended for both oral and intravenous routes of administration (2, 4, 5, 7) . One questions the rationale of such a dosage recommendation since various investigators have shown that a significant percentage of intravenous chloramphenicol succinate is excreted in the urine before its conversion to chloramphenicol (3, 9) . In a study on healthy volunteers given equivalent doses of chloramphenicol, Glazko et al. reported that the area under the plasma concentration-time curve of chloramphenicol given intravenously as chloramphenicol succinate was only 60 to 70%o that obtained with oral chloramphenicol (3) .
The objective of our study was to measure the serum chloramphenicol and chloramphenicol succinate concentrations in patients with typhoid fever who were being treated with either oral chloramphenicol or intravenous chloramphenicol succinate and to assess the clinical outcome of the treatment.
Patients who were being treated by their physicians for typhoid fever with oral chloramphenicol or intravenous chloramphenicol succinate were included in the study. The decision to initiate chloramphenicol therapy and the dose and route of administration of the drug were determined by the patients' physicians.
Fifteen patients received chloramphenicol capsules orally. Intravenous chloramphenicol succinate was infused via a microdrip over 5 to 15 min to 11 patients. All patients were dosed every 6 h except for seven patients (four in the oral group and three in the intravenous group) who were given * Corresponding author. the drug every 8 h. Within the first 3 days of therapy, 10 ml of clotted blood was collected from the patients just before the dose and 1 and 2.5 h postdose. The blood samples were immediately centrifuged, and the serum was stored at -20°C until assay.
One of us monitored the progress of the patients in hospital daily. The responses to therapy were divided into four categories: cure (clinical response with stool and urine cultures negative for S. typhi posttreatment, and the patient remained well during follow-up), failure (lack of defervescence), clinical response with continued excretion of S. typhi in the stool posttreatment (convalescent carrier), and relapse (initial response followed by recurrence of fever with blood cultures positive for S. typhi within 2 months posttherapy and with no evidence of reexposure). Chloramphenicol and chloramphenicol succinate were measured simultaneously by high-performance liquid chromatography, using the method reported by Aravind et al. (1) .
The lower limit of detection of chloramphenicol and chloramphenicol succinate was 0.8 jig/ml. The day-to-day coefficients of variation of the analysis over the study period were 16.4 and 18.7% for the lower limits of detection of chloramphenicol and chloramphenicol succinate, respectively. For the rest of the calibration from 4 to 32 ,ug/ml, the range of variation was between 6.2 and 9.3%.
The differences between the intravenous and oral treatment groups in the dose of chloramphenicol administered and the serum drug concentrations were analyzed by the nonparametric Wilcoxon rank-sum test.
The patient characteristics, dosages, and serum chloramphenicol and chloramphenicol succinate concentrations are shown in Tables 1 and 2 and Fig. 1 . The doses administered were calculated as the chloramphenicol base for both treatment groups. The mean daily dose of chloramphenicol base in the intravenous treatment group was not statistically different from that in the oral treatment group (P > 0.05).
The mean trough chloramphenicol concentration in the intravenous treatment group was significantly lower than that obtained in those treated orally (P < 0.001). In those treated intravenously the 1-and 2.5-h-postdose concentrations were significantly lower than those in the oral treatment group (P < 0.001; P < 0.005).
There were no treatment failures in either group. Although the patients on intravenous therapy responded well, it is difficult to comment on the adequacy of the concentration in serum, since the number of patients was small. The optimum ANTIMICROB. AGENTS CHEMOTHER. serum chloramphenicol concentration for the treatment of chloramphenicol succinate was excreted in the urine before typhoid fever is not known. Generally, it is reasonable to try its hydrolysis to chloramphenicol (3, 9) . Therefore, renal to attain a trough concentration that is at least as high as the function may influence the serum chloramphenicol concen-MIC for the pathogen and below 10 p.g/ml, as suggested by tration in patients on chloramphenicol succinate but is Lietman (8) . Thirty-two strains of S. typhi were randomly unlikely to have any significant effect in patients on oral selected from the isolates in our enteric laboratory, and the chloramphenicol, since only 5 to 10% of the drug is excreted MIC of chloramphenicol was determined. The range of in the unchanged form. The patients in our study who had MICs of chloramphenicol was 2 to 4 ,ug/ml. In the patients their renal function assessed all had serum creatinine or urea treated intravenously, the trough chloramphenicol concenwithin the normal range. The rest of the patients were young trations ranged from 1.4 to 9.5 ,ug/ml and in 6 of 11 patients and had no clinical suggestion of renal dysfunction. It is the trough concentrations were below 4 ,ug/ml. In contrast, unlikely that renal impairment was a factor in causing a all the patients in the oral treatment group had trough difference in serum chloramphenicol concentrations in the chloramphenicol concentrations above 4 jxg/ml, with a range two groups of patients. Renal excretion of chloramphenicol of 6.3 to 15.3 ,ug/ml. succinate prior to its hydrolysis to chloramphenicol is a more Several investigators found that a significant amount of likely cause of the lower serum drug concentrations. Abnormal liver function tests are not uncommon in patients with typhoid fever (6) . In our study, the patients in both the oral and intravenous treatment groups who had their liver function evaluated showed mild elevation in liver enzymes. However, there did not seem to be any correlation between the levels of alanine aminotransferase and serum chloramphenicol concentrations.
In summary, in the treatment of typhoid fever, it is important to realize that with equivalent doses of chloramphenicol, the serum drug concentration of patients treated intravenously is significantly lower than that of patients on oral therapy. Therefore, where facilities are available, it may be prudent to measure serum chloramphenicol concentrations, especially in patients who are treated with intravenous chloramphenicol succinate, to ensure that failure to respond is not due to low serum drug concentrations.
